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ABSTRACT
The p y ro ly s is  of le a d  te tra m e th y l has been s tu d ie d  in  a to lu en e  
c a r r i e r  flow  system from 6 7 1 °K to  7 5 3 °K using  t o t a l  p re s su re s  ran g in g  
from 5*3 mm to  27.9  ram. The p ro g ress  o f th e  r e a c t io n  was fo llow ed  by 
m easuring th e  amount of m ethane, e thane  and e th y l  benzene formed and was 
checked in  a no. of runs by a n a ly s is  f o r  undecomposed a lk y l .  The ex­
te n t  of agreem ent between r a t e  c o n s ta n ts  c a lc u la te d  frcm the  two methods 
o f a n a ly s is  in d ic a te s  th a t  f o r  each m olecule o f a lk y l  undergoing 
decom position approx im ate ly  1+ m ethyl r a d ic a ls  a re  observed . The re le a se  
of th e  f i r s t  r a d ic a l  i s  r a t e  c o n t r o l l in g .  Decomposition was found to  be 
1 s t  order and th e  r a t e  c o n s ta n ts  c a lc u la te d  show no dependence on t o t a l  
p re ssu re  o r  su rface/vo lum e r a t i o .  The A rrhenius eq uation  o b ta in ed :
lo g l o k -  li+,1+9 -  (1+9,600/2.303 RT)
may be a s so c ia te d  w ith  eq u a tio n  1+7 .
Pb(CH5 )i ; ------------> tt>(CH3) 3 + CH3 1+7
The a c t iv a t io n  energy  of th i s  homogeneous p ro c e ss , 1+9.6 k ca l/m o le , may be 
equated  to  D
i i
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CHAPTER I
INTRODUCTION
A. General In tro d u c to ry  Remarks
Lead te tram e th y l (FbMe^) whose therm al decom position i s  th e  su b je c t 
o f t h i s  k in e t ic  s tu d y  f i r s t  became, o f  s ig n i f ic a n t  i n t e r e s t  J4O y ears  ago 
in  Paneth & Hofeditz* c l a s s ic a l  experim ent which dem onstrated the  e x is te n c e  
o f f re e  r a d ic a ls  as in te rm e d ia te s  in  gas phase re a c tio n s  (1 ) .  The p re ­
se n t work d e sc r ib e s  th e  d e te rm in a tio n  of the  s tre n g th  o f the m etal to  c a r ­
bon bonds in  a p re ssu re  independent re g io n , u s in g  a to lu en e  c a r r i e r  
te ch n iq u e , and th e  mechanism which r e s u l t s  when FbMej  ^ decomposes in  th e  
presence of excess to lu e n e . In v e s t ig a t io n  o f p o s s ib le  su rfa ce  o r p re ssu re  
e f f e c t s  and of changes produced by v ary in g  th e  c o n tac t tim e ( t c ) was 
a lso  done. F i r s t  o rder r a te  c o n s ta n ts  were c a lc u la te d  in d ependen tly  from 
gas a n a ly s is  and re s id u e  a lk y l a n a ly s is ,  and compared. A p lo t  of ka/!kr 2 vs 
103 Was made to  determ ine the  p resence  of p o s s ib le  s tepw ise  decom position .
T~
The m e ta ls  o f Group IV B, Germanium,, t i n  and le a d  a l l  have e le c tro n ic  
s t r u c tu r e s  te rm in a tin g , l ik e  carbon w ith  ^ p ^  and so give r i s e  to  t e t r a  
h e d ra l Sp3 compounds o f th e  type R^*M where R i s  an a tta c h e d  r a d ic a l .
Q fthese m eta ls  a TIN compound d im e th y Itin d ic h lo r id e  i s  the  on ly  a lk y l 
which has been s tu d ie d  by th e  TOLUENE CARRIER TECHNIQUE ( 2 ) ,  The decom­
p o s it io n  was found to  be f i r s t  o rd e r and homogeneous w ith in  a p re ssu re  
independent re g io n , w ith  th e  s tre n g th s  o f th e  f i r s t  2 m e ta l-carb o n  bonds 
given as D  ^ C ^ 'C H j- S n  CH  ^ = 5 6 . 1  and D2 = 3b k c a l/n o le , g iv in g
an average Dj 4 D2 = b3 k c a l/m o le . T etra  m ethyl t i n  has a mean bond 
 2-----
1
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2energy found by c a lo r im e tr ic  procedure of E -  53*5 kcal/m ole  (3)* The 
k in e t ic s  o f te tra m e th y l t i n  decom position have been s tu d ied  by Waring & 
Horton (I;) who re p o rted  th e  p y ro ly s is  to  be approx im ately  1 s t  o rd e r and 
by Sathyamurthy e t  a l  (5) who re p o rte d  an o rd e r -2 and proposed a mechanism 
which ag rees w ith  t h i s ,  b u t both  in v e s t ig a t io n s  have some u n s a tis fa c to ry  
fe a tu re s  ( 6 ) .
For GERMANIUM, th e  t e t r a e th y l  a lk y l  seems to  have been the  on ly  one 
s tu d ie d  ( 7 ) .  The decom position was re p o r te d  to  be f i r s t  o rd e r w ith  an 
observed a c t iv a t io n  energy of 51.0  k ca ls /m o le .
Of th e  LEAD a lk y ls ,  t e t r a e th y l  and te tra m e th y l le a d  have bo th  been 
s tu d ie d  k in e t i c a l l y .  Tetra/ e th y l le a d  has re c e iv e d  the moat a t t e n t io n .
I t  i s  used as an im portan t a n ti-k n o ck  agen t in  g a so lin e s . Four R ussian 
w orkers s tu d ie d  i t ' s  decom position in  the  l iq u id  phase and found i t  to  be 
c a ta ly se d  by th e  f in e ly  d iv ided  le a d  formed d u rin g  th e  r e a c t io n  (8 ,  9 ,  10, 
1 1 ) . Ihe r a t e  c o e f f ic ie n t  f o r  decom position in  so lu tio n  was re p o rte d  to  
be k = 2.U3 x 1012 exp (-35>200/RT) m o le /sec . Gas phase decom position 
of lead  t e t r a e t h y l  was in v e s t ig a te d  by Lesrmakers (12) and much more 
re c e n tly  by  P r a t t  & P u rn e ll  using  a s t a t i c  system  w ith  tem peratu re  range 
233-267° c and p re ssu re  range 2-15 mm. (13) The re a c tio n  was found to  be 
f i r s t  o rd e r and e s s e n t i a l ly  homogeneous up to  a t  l e a s t  80% decom position , 
th e  gases produced b e ing  hydrogen, e th an e , e th y lene  and b u ta n e . For the 
o v e ra ll  decom position th e  r a te  c o e f f ic ie n t  was re p o rte d  to  be k = 1 .6  x 
10-*-2 exp. (-37,000/R T) sec - -*-. This compares w ith  a mean bond d is s o c ia t io n  
energy of FT "  31*0 k ca ls /m o le .
Lead te tra m e th y l decom position in  th e  vapour phase was s tu d ie d  by 
E lten to n  in  a f a s t  flow  system ( lU ) . He used a very  d i lu te  stream  of the  
a lk y l  in  He as a c a r r i e r  g a s , the  in v e s t ig a t io n  b e ing  over a tem peratu re
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
range 1+00-70 0 °c „and a t  a t o t a l  p re ssu re  o f 0.1+ ram. C ontact tim es were low 
vary ing  from 10”^ sec up to  a maximum of 10~-1- s e c . Ihe r e a c t io n  was 
follow ed by p assin g  th e  p roducts  in to  a mass spec trom eter and m easuring 
m ethyl r a d ic a l  c o n c e n tra tio n s . He found decom position to  be v i r t u a l l y  
complete a t  6 0 0 °c and re p o rte d  th e  re a c t io n  to  be f i r s t  o rd e r w ith  k -  
1 .5  x lO"*-0 exp (-?8,200/R T) s e c “ ^ .  The main c r i t i s im  i s  th a t  t h i s  va lue
has undoubtedly been determ ined in  a p re ssu re  dependent re g io n . An
15estim ated  c o r re c t io n  to  i n f i n i t e  p re ssu re  g iv es  k = 1 .5  x  10 exp. 
(-i+6,000/RT) sec“l .  (6)
F u rth e r work on FbMe^ i s  th e re fo re  a p p ro p r ia te , b u t should  be done 
in  a p re ssu re  independent re g io n . This forms the  substance o f th i s  
p re se n t work which was done u s in g  a to lu en e  c a r r i e r  te ch n iq u e .
B. Ihe d e te rm in a tio n  o f Bond D isso c ia tio n  E nergies by the  K in e tic  Method 
Bond d is s o c ia t io n  e n e rg ie s  may be determ ined by s e v e ra l  m ethods, a 
k in e t ic  method b e in g  th e  one used h e re . Other methods inc lude  c a lo r im e tr ic  
d e te rm in a tio n s  which g iv e  th e  MEAN o f th e  bond e n e rg ie s  f o r  a l l  the  bonds 
broken (E)» e le c tro n  impact methods which g ive  on ly  the  upper l im i t  of the 
d is s o c ia t io n  energy and a re  com plicated  b y  la rg e  nunbers of atoms, as a re  
p re se n t in  m e ta l l ic  a lk y l m o lecu les , and sp ec tro sco p ic  methods which are 
a lso  u n su ita b le  f o r  m e ta l l ic  a lk y ls  because o f th e  com plexity  o f t h e i r  
s p e c tra .  These and o th e r methods have been  review ed by Szwarc (15)•
The k in e t ic  method f o r  de term in ing  D (Ri -  Rp) depends on an  impor­
ta n t  assum ption: th a t  the  a c t iv a t io n  energy f o r  the  recom bination
re a c t io n  shown below i s  z e ro .
R l +  R2 ------------- » Rl . R2 1
This assum ption i s  supported  by  s tro n g  experim ental ev idence f o r  sm all
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
r a d ic a ls  o r  atoms recom bining (1 6 ) . On the b a s is  of t h i s  assum ption the 
t r a n s i t i o n  s t a t e  th eo ry  p r e d ic ts  th a t  fo r  a . urmmolecular decom position:
-A  H
k = K k1 !  0X( T) e R’r '
h F T tJ  £
where jZi(T) and 01 ( T) a re  the  t o t a l  p a r t i t i o n  fu n c tio n s  f o r  th e  i n i t i a l  
s t a t e  and a c t iv a te d  complex r e s p e c t iv e ly .  Now sin ce  th e  d is s o c ia t io n  
energy of R^-Rg i s  d e fin ed  as th e  h e a t of r e a c t io n  (4E) f o r  eq u atio n  3 
a t  a b so lu te  zero and in  th e  id e a l  gas s ta t e
Rl .R g  ^ R^ +■ R^ A  E = D 3
and s in ce  a t  a b so lu te  zero  AH = A E, we may th e re fo re  w r ite
-D
k = K l^ T  # ( I )  e ^  U
~  v m
The t o t a l  p a r t i t i o n  fu n c tio n s  may be subdiv ided  in to  t h e i r  t r a n s l a t i o n a l ,  
r o ta t io n a l  and v ib r a t io n a l  a sp e c ts  and i f  we assume th a t  th e  r o ta t io n a l  
p a r t i t i o n  ifu n c tio n s  f o r  bo th  normal m olecule and a c t iv a te d  s t a t e  a re
approx im ately  equal and th a t  the  v ib r a t io n a l  p a r t i t i o n  fu n c tio n  f o r  a l l
modes o th e r  th an  th e  one le ad in g  to  d is s o c ia t io n  a re  a ls o  approx im ate ly  the
same in  th e  normal m olecule and a c t iv a te d  s t a t e ,  we g e t:
-KV/k1 T
k ■ K W  1 -  e )e BT 5
T T
At low tem peratu res o r when th e  v ib ra t io n a l  frequency  i s  h ig h , as fo r  
-hv  _hV
strong bonds, e ► O & so (1-e ^
-D
T RTT
k -  K kx T e 6
“ FT
In k  = ln^ K k1 +  I n  T -  D 7
—  W
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5* d (ln k ) = 1 , D
i r r  n
= D +  RT
Rl^
At h igh  tem peratu re  o r  when th e  v ib r a t io n a l  frequency  i s  low
-h 'V
klT
h (because lim  ( l- e ~  ) = X) and hence 
'  klT~ x “ * °
-D 
R T
from 5 k = K 'V e
Ink - In K'V - D IQ
rT
d ^ ln k )^  D 11
dT Rl2
We see  th a t  eq u a tio n s  B and 11 a re  o f  th e  same form as th e  d i f f e r e n t i a l  
form of the  A rrhenius eq u a tio n  w ith  bond energy D re p la c in g  a c t iv a t io n  
energy E. Thus, th e  fo llo w in g  l im i t s  may be p laced  on th e  experim en tal 
a c t iv a t io n  energy.
(D) <  E ^  (D + RT)
Note th a t  t h i s  co n c lu sio n  assumes E to  have been determ ined in  a PRESSURE 
INDEPENDENT region. Since the magnitude of RT at 800°K (the maximum 
tem pera tu re  used in  t h i s  in v e s t ig a t io n ) is  l e s s  th an  1 .6  k ca l i t  may be con­
c luded  th a t  i f  th e  experim en ta l a c t iv a t io n  energy fo r  th e  un im olecu lar 
decom position examined h ere  can be a c c u ra te ly  de term ined , i t  should  be a 
rea so n ab le  approxim ation to  th e  bond d is s o c ia t io n  energy .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
6Experim ental d e te rm in a tio n  of E in vo lves f in d in g  th e  s lope  f o r  the 
3
p lo t  of lo g  k vs 10 which from th e  in te g ra te d  form of th e  A rrhenius
T
eq u a tio n  in  seen  to  be equal to  -E and hence E -  -  (U»57 x SLOPE).
Rate co n s ta n ts  f o r  t h i s  graph a re  determ ined  in  t h i s  in v e s t ig a t io n  by two 
independent m ethods. The f i r s t  i s  v ia  a n a ly s is  of th e  p roducts
and th e  second from d e te rm in a tio n  o f th e  amount o f r e s id u a l  a lk y l a f t e r  
decom position , which i s  found from an a ly s is , o f l iq u id  p ro d u c ts .
C. Ihe Toluene C a r r ie r  Technique.
The experim en ta l work seeks to determ ine th e  a c t iv a t io n  energy f o r  
the  re a c t io n  -
R1*R2  > R1 f  R2 12
When and R2 a re  th e  atoms or r a d ic a ls  formed by ru p tu re  o f  the  bond 
whose d is s o c ia t io n  energy we w ish to  m easure. As a lre ad y  shown E=^ *-D 
p ro v id in g  th e  a c t iv a t io n  energy f o r  the  recom bination  re a c t io n  (th e  re v e rse  
of eq u a tio n  1 2 ) , i s  z e ro .
When h ig h ly  re a c t iv e  ra d ic a ls ,  a re  formed as occurs w ith  th e  le ad  
t e t r a a l k y l ,  th e  problem th en  a r i s e s  of p rev en tin g  the  recom bination  re a c ­
t io n  and th e  a b s t r a c t io n  by r a d ic a ls  from th e  a lk y l ,  ihe form er would 
le a d  to  lo s s  o f p ro d u c ts , b y  which the  r e a c t io n  r a te  i s  m easured; the  
l a t t e r  could i n i t i a t e  a ch a in  re a c t io n  whose k in e t ic s  could  be v e ry  
d i f f i c u l t  to  i n t e r p r e t .  To overcome th e se  problems a la rg e  excess o f an­
other suitable compound is introduced into the reaction vessel along with
th e  a lk y l .  When to lu en e  i s  used fo r  t h i s  purpose th e  method i s  r e fe r re d
to  as th e  TOLUENE CARRIER TECHNIQUE (1'5) Ihe a lk y l  i s  u s u a lly  a t  a
c o n c e n tra tio n  o f 1 -2 $  (though in  the  p y ro ly s is  o f  IriMe^ i t  was found th a t
a EtOLUENeJ r a t i o  o f n o t l e s s  than  1 5 0  was e s s e n t i a l ,  o therw ise  a f a l l  
[ALKYL]
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o f f  in  k was observed (1 ? ) .
For lead tetramethyl, methyl radicals are produced. In the large 
excess o f to lu en e  th ey  e i th e r  recombine to  form ethane or a b s t r a c t  a 
hydrogen atom from to lu e n e  to  form a benzy l r a d ic a l  and a s ta b le  m olecu le .
CH3 +  CH? --------- > G g  13
OHj + C ^ .C H j— ,  C6H5 -CH2 » OH^  11*
Ihe b en zy l r a d ic a ls  u s u a lly  r e a c t  in  one of two ways: e i th e r  th e y  combine
w ith in  th e  r e a c t io n  zone w ith  more f r e e  r a d ic a l s  to  fo m  a second s ta b le  
m olecule ( e th y l  ben zen e), o r th ey  undergo d im e riz a tio n  o u ts id e  th e  fu rn a c e .
c6h 5- oh2 ch3  >, c6h5 - C2h5 15
£C6h5 -CH2  » (q^ 5 -CM  16
The course  o f th e  r e a c t io n  may th en  be s tu d ie d  by m easuring the  amounts 
o f m ethane, e thane and e th y l  benzene form ed.
Some l im i ta t io n s  o f th e  to lu en e  c a r r i e r  techn ique a re  as fo llo w s:
1 . The a lk y l  bond to  be in v e s t ig a te d  should p re fe ra b ly  be a t  l e a s t  
10 k c a l weaker th a n  the  C-H bond in  th e  to lu en e  s id e  c h a in , and must o f 
course  be th e  w eakest o f th e  a lk y l  bonds.
2. Flow r a t e s  used must be such as  to  m ain ta in  therm al e q u ilib riu m
and plug  flaw  th roughou t the  r e a c t io n  zone.
3 . I f  any su rfa ce  re a c t io n s  become s ig n i f i c a n t ly  la rg e  the  r a te  
c o n s ta n ts  determ ined w i l l  no t be those f o r  homogeneous unim olecular 
decom position .
U. Any therm al decom position of th e  to lu en e  must be taken  in to  account ,
Below 700°c however, as a l l  ru n s  done in  t h i s  work w ere, the to lu en e  d e -
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8com position  i s  l e s s  th an  0.01% (18, 1 9 ) .  I f  runs have to  be done a t  
tem p era tu res  where s ig n i f ic a n t  to lu en e  decom position o c cu rs , the  te c h ­
nique may s t i l l  be used , though the p roducts  of decom position should 
p re fe ra b ly  be d is t in g u is h a b le  from those  r e s u l t in g  from a lk y l  breakdown.
In th e  even t th a t  the  p roducts  a re  NOT d is t in g u is h a b le ,  s u i ta b le  c o rre c ­
t io n s  may be made (19 )• For e x ten s iv e  to lu en e  decom position, pumping 
away th e  p roducts of decom position (H2 & GH )^ could p re s e n t a m echanical 
problem .
D. C a lcu la tio n  o f r a te  c o n s ta n ts  f o r  un im olecular decom position .
I f ,  as ex p ec ted , th e  decom position of th e  a lk y l  fo llo w s f i r s t  o rd e r
k in e t ic s ,  th e  r a t e  c o n s ta n t k may be c a lc u la te d  as fo llo w s . Suppose th a t
a t  time t  = o some a lk y l m olecules a re  about to  e n te r  the  r e a c t io n  zone,
t h e i r  c o n ce n tra tio n  be ing  a m o le s / l i t r e  and th a t  a t  time t  as  they  leav ec
th e  re a c t io n  zone i t  i s  (a -x )  m o le s / l i t r e  where x i s  the  amount decomposed. 
Then th e  r a te  o f decom position o f th e  a lk y l  i s  g iven  by
k  [ a - x ] 17
by rearrangem ent and in te g ra t io n  we g e t
- I n  [a -  x) k t + c  (C = in te g ra t io n  c o n s t .)
To f in d  C we note t h a t  a t  time t  = o, £a -  x j  = a
-  In  ja  -  x} + i n  QlJ = k t c
or In
1 8
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9This i s  th e  eq u a tio n  used l a t e r  in  t h i s  w ork. Note th a t  t„ i s  th e
CCNTACT TIME, which is the average time an alkyl molecule spends in the
r e a c t io n  zone,^ a i s  th e  t o t a l  amount o f a lk y l  p a ss in g  through and ( a - x )
i s  th e  amount which rem ains undecomposed a f t e r  passage through th e  re a c t io n
zone. Hence, lOQx i s  th e  % decomposed, a i s  found by d if fe re n c e  w eigh- 
a
ing  o f th e  a lk y l  s to ra g e  v e s s e l  and (a -x )  by  a n a ly s is  of th e  p ro d u c ts .
A word of w arning about p o s s ib le  e r ro rs  which may a r i s e  and subsequen tly  
a f f e c t  c a lc u la te d  r a t e  c o n s ta n ts  has come from two so u rces . Both app ly  to  
s tu d ie s  in  flow  system s w here, as p re v io u s ly  s ta t e d ,  i t  i s  assumed th a t  
p lu g  flow  and therm al e q u ilib riu m  e x i s t  th roughou t th e  e n t i r e  r e a c t io n  
zone.
B a tten  (20) s tu d ie d  flow  p a t te rn s  p o in tin g  out t h a t  CHANNELLING m ight 
a r i s e  when th e  moving gases passed  from a narrow tube to  a w ider one, as 
occurs when going from th e  le a d - in  tube to  the  r e a c t io n  zone. In th i s  
work i t  was m inim ised by having  a 2 -s te p  w id th  in c re a se  in  going from 
le a d - in  tube to  re a c t io n  zone and by p ro v id in g  a c e n t r a l  therm ocouple w e ll 
(F ig . 2 ) . C hannelling  would e f f e c t iv e ly  reduce th e  r e a c t io n  zone volume, 
so th a t  the  ap p aren t volume used in  c a lc u la t io n  ( th e  t o t a l  volume o f the  
r e a c t io n  zone) would be to o  la rg e  and so le a d  to  a c a lc u la te d  v a lu e  fo r  t Q 
which would be too  la r g e .  Hence th e  ap p aren t v a lue  f o r  k would be too 
sm a ll.
Mulcahy and P ethard  (21) working w ith  to lu e n e  as th e  r e a c ta n t  a t  
1000°K w ith  p re ssu re s  ran g in g  from 0 .1 -1 .0  cm and c o n ta c t
tim es from 0 .1 -2 .0  s e c , claim ed th a t  f o r  k to  be acc u ra te  w ith in  1.0%, the
c o n ta c t tim e (se c )  to  p re s su re  (cm) r a t i o  t c should be g re a te r  th a n  0 .5
P~
i f  THERMAL EQUILIBRIUM i s  to  be m ain ta ined  b u t should be l e s s  th an  3 fo r  
30% co n v ersio n , i f  e r ro r s  due to  DIFFUSION a re  to  be avo ided .
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Most t c v a lu es  in  t h i s  work l i e  w ith in  t h i s  range b u t even in  experim ents 
P~
where th ey  do n o t, agreem ent w ith  th o se  th a t  do is  good.
E. Test f o r  Stepwise Decomposition
One m a tte r  o f co n s id e rab le  i n t e r e s t  when in v e s t ig a t in g  the  decomposi­
t io n  o f m e ta l l ic  a lk y l  i s  w hether th e  a lk y l  groups a re  re le a s e d  con­
s e c u tiv e ly  w ith  re le a s e  of th e  f i r s t  a s  th e  r a te  c o n tro l l in g  s te p ,  or 
w hether s tepw ise  re le a s e  o c cu rs . This w i l l  a f f e c t  n o t only  the  mechanism 
of decom position b u t  a ls o  th e  in te r a c t io n  o f the  r e s u l t in g  a lk y l f r a g ­
ments w ith  one ano ther o r  w ith  th e  to lu en e  c a r r i e r .  For example, i t  i s  
p o s s ib le  a t  one extreme f o r  th e  1+ m e ta l-ca rb o n  bonds in  a t e t r a a l k y l  to  
be broken over k  d i f f e r e n t ,  ascend ing  tem peratu re  ranges w h ils t  a t  the  
o th e r extreme a l l  fo u r  bonds would be broken  over th e  same tem peratu re  
ra n g e . Ihe form er p rov ides an example of a s e r ie s  of STEPWISE r e a c t io n s ,  
the l a t t e r ,  o f CONSECUTIVE re a c tio n s  in  which the  f i r s t  s te p  i s  r a t e  
c o n tro l l in g .
A method f o r  d e term in ing  w hether s tepw ise  re a c tio n s  a re  o c cu rrin g ,
and i f  so , a t  what te m p e ra tu res , came o u t of work done by P rice  (22) and
l a t e r  by P r ic e  and Jacko (17 , 23, 2U). I t  invo lves p lo t t in g  lo g  ka 
v a lu es  v s .  10^ , a form of A rrhenius p lo t  where k re p re se n ts  ^ "
3.
the r a te  c o n s ta n t f o r  th e  ABSTRACTION re a c t io n :
°6H5 * CH3 +  CH3  ka -> CH6H5 « C H 2  + CHU 19
and k^ ,, re p re se n ts  th e  r a te  c o n s ta n t fo r  th e  RECOMBINATION r e a c t io n .
CH^  -+ CH  ^ kr  \  c ^ i 6 20
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I f  t h i s  p l o t  shows a s t r a ig h t  l i n e  over th e  f u l l  tem peratu re  ran g e ,
breakage of th e  bonds i s  in d ic a te d  (F ig . l a ) ;  i f  however above 
some tem pera tu re  a d e f in i te  change in  s lope  o f th e  l in e  i s  observed , so 
th a t  above th i s  tem pera tu re  the  s lope  DECREASES, then  evidence o f stepw ise  
decom position i s  shown w ith  s ig n i f ic a n t  breakage of a  p a r t i c u la r  m e ta l-  
carbon bond s t a r t in g  to  occur a t  (F ig . l b ) .  How lo g  k a /k r t  v a lu es  a re  
c a lc u la te d  and why t h i s  s lope  change occurs w i l l  now be e x p la in ed .
(a ) (b)
lo g  ka
105
T T
(a) C onsecutive breakage 
o f m e ta l-carb o n  bonds 
w ith  1 s t  s te p  r a te  
c o n tro l l in g .
(b ) Stepwise breakage of 
m eta l-carbon  bonds.
F ig .  1: G raph ica l t e s t  f o r  type o f a lk y l  decom position .
(a ) C a lc u la tio n  of ka v a lu es
'i-**■
V
from 1 9  r a te  o f a b s t r a c t io n  by  CHj
from 20 r a te  of recom bination  o f CH^  = kr  j^CH^J2
from 22 ( r a te  o f fo rm atio n  o f  CgH^)^ = k ^ [pH^]
21
2 2
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from 21 ka [CH-T] [toi] = rate of formation of CHr 2k
& 23 i  "r  —  ■;----------------------------------------
kp2 LchJ (rate of formation of C2H&)2
ka = d CcHjJ /  d t x 1 25
k r2 (d  C2H6 / d t p  [ To1]
But c f[c H j = Moles o f CHj^  produced 26
d t V essel Volume (c c )  x time o f run ( s e c .)
(moles cc“-*- sec“ )^
and dfCgH^] a Moles of produced 27
d t V essel V ol. (cc) x tim e of run  ( s e c .)
ka = Moles CH^
• • ~ r
2
k 2 0 5  x t Moles C2H6“] s £ Tof jr -  2 0 5  x  t j
where 2 0 5 = Volume of r e a c t io n  v e s s e l  (cc
t = tim e o f a lk y l  flow  (sec)
• ka Z Moles CHi x 1
•  •  — 1 iii
kr" jjfo le s  C2 ^ 2  (.205 x t ) 3
b u t 1 3 °5 = n - P
(/m oles/cc) 7 RT
’ S moles = P ( cm)•  •  *— —1 ml 76 x  62 x  T (,UK)
1 m 76 x  62 x T = 6252 T
• • [ToTj P ( cm) P
x  1 28
1 29
QbTT
30
3 1
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s u b s t i tu t in g  3 1  in  2 9
•  •
1c —» } \_a = Moles CH. x 10 4  i 6232 xT
^ x — _ _ _  x
r  (Moles GgH  ^ x  10 (2 0 5 )2x t 2
k ,
  = Moles CH  ^ U.36 t ( or)
1 2     X   X 2 / \ ^ ^
r  (Moles P (cm) t  (sec)
Ih is  i s  the  eq u atio n  used f o r  c a lc u la t in g  ka/kp5 v a lu es  when volume of 
re a c t io n  v e s s e l  ■ 2 0 5  c c . as was th e  case  in  t h i s  work, excep t 
fo r  th e  ru n s  done u s in g  a packed v e s s e l ,  when a s u i ta b le  m o d if ic a tio n  to  
the above eq u atio n  was made.
b . F a c to rs  a f f e c t in g  th e  ka r a t i o
V
As has been s t a t e d ,  a t  some tem peratu re  above which there  i s  s ig n i f ic a n t  
cleavage of a h i th e r to  s ta b le  m etal a lk y l  bond, tn e re  w i l l  be a DECREASE 
in  th e  ka/k,,^ r a t i o  from th a t  which would have been  observed i f  the  
A rrhenius p lo t  had rem ained l i n e a r .  F a c to rs  c o n tr ib u tin g  to  th is  decrease  
and hence en ab lin g  th e  r a t i o  to  be  used f o r  s p o tt in g  tem p era tu res  a t  which 
an o th er bond s t a r t s  to  b re a k , w i l l  now be d isc u sse d .
Suppose th a t  a t e t r a a l k y l ,  such as le a d  te tra m e th y l decomposes over 
a tem pera tu re  range T^_ to  T2 in  accord  w ith :
M(Me)^ --------------M(Me)^_x  + x CH^  33
W h ils t the  fo llo w in g  subsequent r e a c t io n  occurs ap p re c ia b ly  only  above
M(Me)u_x ---------> Me^M0^ _ x_y t  7 CH3 3k
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where x  = 1 , 2, o r  3 J y  = 1 , 2 or 3
In a  flow  system , the  tem pera tu re  in c re a se s  as th e  re a c t io n  zone is  
approached so th a t  i f  the  r e a c t io n  zone i s  a t  a tem pera tu re  which is  
g re a te r  th a n  T^, r e a c t io n  3 3  w i l l  occur p a r t ly  in  the  tube  le a d in g  to  the  
re a c t io n  zone and w i l l  be complete in  some f r a c t io n  o f  th e  zone. This 
a f f e c t s  th e  ka r a t i o  in  two ways:
1 . The volume over which r e a c t io n  33 occurs i s  no lo n g e r the  t o t a l  
volume of th e  r e a c t io n  zone. C onsequently , th e  v a lu e  f o r  V used  in  comput­
ing  th e  r a t i o  in  equation  5 2  i s  too  h igh  and t h i s  w i l l  have th e  e f f e c t  of 
LOWERING th e  r a t i o .
2 . R eac tion  3li i s  o c cu rrin g  a t  an average  tem peratu re  above T2  b u t 
BELOW T^. The consequence o f t h i s  w i l l  be t h a t  th e  tem peratu re  recorded  
and used in  p lo t t in g  th e  A rrhenius curve w i l l  a lso  be too  h ig h , which 
w i l l  r e s u l t  in  an ap p aren t v a lue  f o r  , which i s  too  low so th a t  th e re  
w i l l  be a le s se n in g  o f s lope  in  th e  A rrhenius cu rve .
The a b s t r a c t io n  r e a c t io n  (19) and th e  recom bination  r e a c t io n  (20)  a re  
bo th  tem pera tu re  dependent, though i t  m ight a t  f i r s t  appear t h a t  2 0 , 
hav ing  zero a c t iv a t io n  energy  should be tem p era tu re  independen t. The 
reason  fo r  t h i s  i s  th a t  th e  recom bination  cannot sim ply be shown by 
eq u a tio n  2 0  b u t should in s te a d  be w r i t t e n
CH3 t  CH5 W 6 *  35
0 ^ 6  %  M ------------) C2H6 + M 3 6
As th e  tem peratu re  in c re a se s  (supposing  P to  be kept c o n s ta n t) ,  the  a c t iv a te d  
complex shown in  eq u a tio n  3 5  w i l l  decompose to  a g re a te r  e x te n t back  to  two
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m ethyl ra d ic a ls ,  th e re fo re  slow ing the  r a t e  of ethane fo rm atio n . Ihe r a te  
constant for forward reaction in 35 (k^) is hence decreased, causing a 
decrease  in  th e  s lope  o f the A rrhenius p lo t  and a n eg a tiv e  a c t iv a t io n  
energy .
c .  A pp lica tio n s
i
The use o f kg/k^2 p lo ts  f o r  showing the  o n se t of stepw ise  r e a c t io n s  
has been  su c c e s s fu lly  ap p lied  to  th e  tr im e th y ls  of group I I I  b 
(17 , 23, 2h) and to  th e  decom position o f ZnMe2 (2 5 , 26 ).
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CHAPTER I I
EXPERIMENTAL TECHNIQUE
A. Apparatus and Procedure
The equipment used fo r  t h i s  in v e s t ig a t io n  by the  to lu en e  c a r r i e r  
techn ique i s  shown in  F ig . 2 . I t ' s  d e s c r ip t io n  and usage may be d i s -  
cussed under th e  fo llo w in g  head ings:
(a) Glassware
Pyrex g la s s  was used th roughou t w ith  th e  ex cep tio n  of the  r e a c t io n  
v e s s e l  which was co n stru c te d  o f q u a rtz  jo in e d  j u s t  o u ts id e  the  fu rn ace  to  
th e  r e s t  o f th e  equipment by graded q u a r tz - to -p y re x  s e a l s .
R efe rr in g  to  F ig . 2. th e  fo llo w in g  f e a tu re s  are  of n o te . M]_ & Mg 
a re  tw o-stage  m ercury d if f u s io n  pumps, e l e c t r i c a l l y  h e a te d , the  power 
to  each b e ing  c o n tro lle d  v ia  a V ariac WICM au to  tran sfo rm er and a 'type 116 
P ow ersta t r e s p e c t iv e ly .
T j, Tg and a re  t r a p s ,  T-j_ being  coo led  by l iq u id  n itro g e n  and used 
to  p reven t con tam ination  o f th e  vacuum punp (DU05), T2  b e ing  cooled by an 
ace to n e-d ry  ic e  m ixture and T^  be ing  cooled by a sludge of e th a n o l-d iy  ic e -  
l i q u id  n itro g e n . T2 and were used to  t r a p  th e  p roducts  which a re  
l iq u id  a t  room tem p era tu re . T2 was removable being  connected by #2U ta p e r  
j o i n t .
A i s  the  Toluene s to rag e  bulb  and B a v e s s e l  in to  which to lu en e  was 
d i s t i l l e d  j u s t  p r io r  to  each run  as  a means o f f in a l  o u t-g a ss in g . A i s  
a tta ch e d  by a # l k  ground g la s s  s tan d a rd  ta p e r  jo in t  so t h a t  i t  could  be
16
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weighed b efo re  and a f t e r  each run.
D i s  a d i f f e r e n t i a l  o i l  manometer c o n ta in in g  m ercury and d i - o c ty l  
p h th a la te  and so c o n s tru c te d  th a t  a 1 cm change on the  o i l  manometer 
re s u lte d  from a p re ssu re  of 1 . 1 3  mm» ihe o i l  manometer was used to  mea­
su re  th e  t o t a l  p re ssu re  o f a lk y l and to lu en e  e n te r in g  th e  fu rn ac e .
Si & Sp a re  s to rag e  v e s s e l s ,  the  m ajor amount o f the  a lk y l be ing  s to re d  
in  S i. F ig . 3 shows th e  A lkyl In je c t io n  System. P r io r  to  a s e r ie s  of 
10-20 ru n s , a lk y l  was d i s t i l l e d  from Si in to  a sm a lle r v e s s e l  R, a tta ch e d  
to  th e  system by a #11+ jo i n t  so th a t  i t  could  be weighed b e fo re  and a f te r  
each run .
S i s  a stopcock to  which a f in e  c a p i l l a r y  was sea le d  so t h a t  a sm all 
c o n c e n tra tio n  o f a lk y l  cou ld  be in je c te d  in to  the  to lu e n e  stream .
C i s  a f in e  c a p i l la r y  o f  s u i ta b le  bore and len g th  such th a t  appro­
p r ia te  flow  r a te s  and c o n tac t tim es were m ain ta in ed .
G.B. i s  a gas b u re t te  used f o r  c o l le c t in g  p roducts  which a re  gaseous 
a t  room tem p era tu re . I t  in c lu d e s  a n o n -re tu rn  valve  and was connected to  
a Ib e p le r  Pump (T .P .)  used f o r  pumping gases p a s t  the  n o n -re tu rn  valve  and 
a sm all McLeod Gauge (G .) used f o r  in d ic a t in g  com plete t r a n s f e r  of the  
gaseous p roducts  to  the  gas b u r e t te .  Once P,V,T d a ta  f o r  th e se  p roducts  
had been  m easured, a l l  o r a p a r t  of th e  sample was tr a n s fe r r e d  to  a gas 
c o l le c t in g  v e s s e l  (E) f i t t e d  w ith  a b reak  s e a l ,  and connected v ia  #11+ 
j o i n t  fo r  easy  rem oval.
Chromel *A* a sb e s to s  covered h e a tin g  w ire  was wound around th e  tubes 
le a d in g  from bo th  the  a lk y l s to ra g e  v e ss e l R and the to lu en e  s to rag e  
v e s se l A up to  th e  i n l e t  on th e  fu rn ace . Power to  t h i s  h e a te r  was sup­
p l ie d  by a v a r ia b le  tran sfo rm er (P ow ersta t Type 116) and was ad ju sted  so 
t h a t  the  tem peratu re  of th e  tubes was a t  a l l  tim es g re a te r  th an  th a t  of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the  to lu e n e  in  the  r e s e r v o i r .
Heated ta p s  on the  ap p ara tu s  were lu b r ic a te d  w ith  Apiezon T G rease, 
unheated tap s  w ith  Apiezon N w h ils t  jo in t s  were lu b r ic a te d  w ith  Dow Cor­
n ing  . High Vacuun S ilico n e  Stopcock G rease, to  enab le  th en  to  be re a d ily  
c leaned  w ith  p e t .  e th e r  a f t e r  rem oval.
lb m ain ta in  th e  d e s ire d  r a t i o ,  c o n s tan t tem peratu re  r e s e r -
|a lk y 3  1
v o ir s  were p laced  around B & T a f t e r  s u i ta b le  q u a n t i t ie s  o f to luene  and 
a lk y l had been d i s t i l l e d  over in to  each from A & R r e s p e c t iv e ly .  Because 
o f co n sid e rab le  ev ap o ra tio n  in  B, r e s u l ta n t  coo ling  o f th e  r e s e rv o i r  
which surrounded i t  was c o u n te rac ted  by means of a sm all immersion h e a te r ,  
lb p rev en t any d if f u s io n  of to lu en e  back through S in to  the  a lk y l  in je c ­
t io n  system , th e  a lk y l vapour p re ssu re  was kept a t  a l l  tim es^5 mm g re a te r  
th an  the  to lu en e  c a r r i e r  p re s su re . The magnitude o f th e  d if fe re n c e  
determ ined th e  c o n c e n tra tio n  of the  a lk y l in  th e  to luene  stream .
In o rd e r to  change th e  r a t io  and t e s t  f o r  su rfa c e  e f f e c t s ,
VOLUME
some runs were done u sin g  a second re a c t io n  v e ss e l which had been packed
w ith  q u a rtz  tu b in g . This reduced th e  volume of the r e a c t io n  v e sse l from
2 0 5  m l. to  117 m l. b u t in c reased  th e  -S—f ^ aC9 r a t i o  from 1 .5  cm2/mlvolune
(v e s se l 1) to  21.3 cm2/m l (v e s se l 2 ) .
(b) Vacuun system
Vacuum was produced by a tw o-stage  m ercury d if fu s io n  pump 
(F ig . 2) backed by  a tw o-stage  o i l - s e a le d  R o tary  Vane Pump DU05 (F ig . 2 ) .
To protect from contamination, a liqu id  Ng cooled trap , T-^ , was in te r­
posed b e fo re  the  main body of th e  system . Ihe degree of vacuum in  the
system  was read  on a McLeod Gauge (n o t shown) c o n stru c te d  to  measure 
p re ssu re s  as low as 10“^ mm and a tta ch e d  to  th e  tube le a d in g  out o f T^  
("Fig. 2 ) .  A vacuum of 10“^ mm o r  b e t t e r  was considered  to  be a workable
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vacuum. The second McLeod gauge G (F ig , 2) was a lso  used to  t e s t  i f  th e  
equipment was s u f f i c i e n t ly  evacuated f o r  a ru n .
(c) The Furnace and R eaction  V essel
The fu rn ace  c o n s is te d  o f a q u a rtz  c y lin d e r  3 inches in  d iam eter 
and 2b  inches lo n g , w ith  Chromel-A R esis tan ce  Ribbon hav ing  a r e s is ta n c e  
of 0.603 ohms per f o o t ;wound on the o u ts id e . The w indings were cemented 
in to  p lace  by  S au ere isen  Cement #31 . To o b ta in  a s te a d y  tem perature  
in  the  r e a c t io n  zone of th e  fu rn ace  ( th e  c e n tre  8  in c h e s ) , the  w indings 
were arranged  as shown in  F ig . I4. b e in g  tapped  a t  5 p o in ts  so th a t  by 
shunt re s is ta n c e s  arranged  a c ro ss  th ese  ta p p in g s , the c u rre n t through 
v a rio u s  s e c tio n s  could  be a l t e r e d .  This wound q u a rtz  tube was f i t t e d  
in to  the c e n t r e d  re c ta n g u la r  box ( 2 i | ' 'x l 2 " x l 2 ") f i l l e d  w ith  powdered 
alum ina ( s iz e  50 m esh.) fo r  in s u la t io n .  An inconel l i n e r  was p laced  
in  th e  c e n tre  o f th e  fu rnace  to  smoothen th e  tem perature  v a r ia t io n  in  
the  re a c t io n  zone b u t  provide a sharp  tem peratu re  f a l l - o f f  a t  each end.
I t  was 12" lo n g , 2 .5"  in  d iam eter and 0 .2 5 ” th ic k .
Power to  the  fu rn ace  was fed  v ia  a VARIAC AUTO TRANSFORMER, type 
W20HM through a SUNVIC RESISTANCE THERMOMETER. CONTROLLER, type R .T .2.
A 10 ohm p latinum  r e s is ta n c e  thermometer was mounted along the in s id e  
w a ll of th e  in co n e l l i n e r  as the  sen s in g  elem ent f o r  the  Sunvic C o n tro lle r . 
The tem peratu re  in  the  r e a c t io n  v e s s e l was m onitored w ith  a moveable 
Chrcm el-P-Alunel therm ocouple in s e r te d  in  th e  a x ia l  thermocouple w e ll, 
in  co n ju n c tio n  w ith  a Leeds & N orthrup M il l iv o l t  P o ten tio m e te r, I^ Tpe 
8 6 9 I .  The tem peratu re  w ith in  the  re a c t io n  zone was kept w ith in  — 2°c 
w ith  a s teep  f a l l  o ff  a t  th e  ends. S ta t ic  and dynamic (to lu en e  flow ing) 
p r o f i l e s  a re  shown in  F ig . 5*
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The re a c t io n  v e s s e l (see  F ig . 2 ) , c o n s is te d  of a q u a rtz  tube which 
widened by two separate steps (moving along the direction of flow of 
to lu e n e -a lk y l stream ) in to  th e  c e n tr a l  re a c tio n  zone which had a d iam eter 
of approx . 1*0 mm, and th en  narrowed ag a in  a t  th e  end of th e  re a c t io n  zone. 
An a x ia l  therm ocouple w e ll ra n  most of th e  le n g th  of the  v e s s e l .  The ends 
of th e  v e s s e l  w ere sea le d  to  20 mm q u a rtz  tu b in g  which ended w ith  graded 
q u a r tz - to -p y re x  s e a l s ,  j u s t  o u ts id e  the  fu rn a c e . The shape o f the  re a c t io n  
v e s s e l  was designed  to  m inim ise tu rb u len ce  and ch an n e llin g , The volume 
of th e  v e s s e l  was 2 0 5 cc .
To t e s t  f o r  su rfa c e  e f f e c t s  a second v e s s e l  packed w ith  f in e  q u a rtz  
tub ing  re p la c e d  t h i s  f i r s t  v e s s e l .  D e ta ils  were d e sc rib ed  in  s e c tio n  ( a ) .
(d) E xperim ental Procedure
To perform  a run  th e  fo llo w in g  procedure was fo llo w ed .
1 . ihe to lu en e  bu lb  A and a lk y l  v e s s e l  R were weighed and a tta ch ed  
to  the  ra c k  a long  w ith  a new gas c o l le c t in g  v e s s e l  E.
2 . A pproxim ately 1 gram a lk y l  and 15 grams to lu en e  were d i s t i l l e d  
over in to  T & B re s p e c t iv e ly ,  w ith  the  a id  of l iq u id  N2 b a th s .  This was 
done to  g ive a f i n a l  o u tg ass in g  to  the to lu en e  and to  p rev en t the  b u lk  
o f th e  a lk y l  from becoming contam inated .
3. When t h i s  d i s t i l l a t i o n  was com plete,w ater b a th s  a t  th e  appro­
p r ia te  tem era tu res  w erep laced  around B & T. so th a t  th e  d e s ired  
r a t i o  could  be fe d  to  the  fu rn a c e . Note t h a t  a t  a l l  tim es P T ol. > P 
alky l so th a t  no to lu e n e  could  d if f u s e  back in to  the  a lk y l  in je c t io n  system , 
ihe tem pera tu re  f o r  B was p re - s e le c te d  by re fe re n c e  to  F ig . 6 which shows 
th e  s t a t i c  and w orking p re s su re s  fo r  Toluene.
U. Ihe h e a te r  w indings around th e  a lk y l  and to luene  le a d - in  tu b es  
were switched on if necessary.
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5 . An a c e to n e -d ry - ic e  b a th  (-7 6 °c ) was p laced  around to  c o l le c t  
th e  p roducts  l iq u id  a t  room tem p era tu re . Ihese were to lu e n e , undecompo­
sed ' PbMe^ and e th y l  benzene.
6. A second p re c a u tio n a ry  b a th  of e th a n o l-d ry  ic e - l iq u id  Np sludge 
(-110°c) was p laced  around T j .  This was b a s ic a l ly  to  p re v e n t any tr a c e s  
o f to luene  n o t trapped  in  Tp from e n te r in g  th e  gas c o l le c t in g  v e s s e l .
7 . Having checked th e  fu rnace  tem p era tu re , the  vacuum w ith in  th e  
appara tu s ( ^  10- ^  mm), and read  th e  d i f f e r e n t i a l  o i l  manometer, the  5 
min p re -ru n  p e rio d  was begun.
8 . The p re -ru n  invo lved  opening th e  ta p  above B and a llow ing  t o l ­
uene to  sweep th rough  th e  fu rn a c e . At the  same tim e a ry  tr a c e s  o f gas 
were pushed ou t o f th e  gas b u re t te  G.B. and beyond the  ta p  above th e
non r e tu r n  v a lv e . Ihe p re s su re  on th e  d i f f e r e n t i a l  o i l  manometer was 
re a d . A fte r  t h i s  5 min p re -ru n  p e rio d  to  s t a b i l i s e  flow  c o n d itio n s , the 
run  p roper was begun.
9 . Ihe run p ro p er began when th e  to lu en e  had been flow ing  f o r  
e x a c tly  5 min, by opening stopcock  S so th a t  a sm all c o n c e n tra tio n  of 
PbMej  ^ vapour was in je c te d  in to  the  Toluene vapour s tream . The a lk y l 
flow  continued  f o r  as  long  as was n ecessa ry  to  c o l l e c t  adequate amounts 
of gaseous and l iq u id  p ro d u c ts . During th i s  tim e , the  p re ssu re  ( d i f f e r ­
e n t i a l  o i l  manometer) and tem p era tu re  (Leeds and Northrup M il l iv o l t  
P o ten tiom eter) w ere read  every  two m inutes, and by use o f the  Toepler 
pump gases were continually pumped in to  th e  gas burette, past the non­
r e tu rn  v a lv e .
10. A fte r  th e  a lk y l  flo w  had been stopped to  end the  ru n , a 5 
m inute p o s t- ru n  p e rio d  fo llow ed  du rin g  which th e  to lu en e  flow  continued  
to  ensure  a l l  p roducts were removed from th e  re a c t io n  zone. P ressu re
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measurements co n tin u ed .
11. When the  to lu e n e  flow  had been stopped a t  th e  end o f the p o s t­
run  p e r io d , unused to lu en e  and a lk y l were d i s t i l l e d  back in to  A & R 
r e s p e c t iv e ly ,  and Toepling con tinued  u n t i l  McLeod gauge G showed a l l  
gaseous p ro d u c ts  to  have been c o l le c te d  in  th e  gas b u r e t te .
12 . The p re s su re , volune and tem pera tu re  of th e  gases in  th e  gas
b u r e t te  were measured and th e n  th e  m ercury le v e l  was r a i s e d  to  push
a l l  or a p o r tio n  of th e  gas sam ple, fo llow ed  by a l i t t l e  m ercury, over 
in to  the  gas c o l le c t in g  v e s s e l  E. This was then  s e a le d  o f f  w ith  a flam e 
and removed f o r  a n a ly s is .
13. Having d i s t i l l e d  back to lu en e  and a lk y l ,  A & R were removed 
from the ra c k  f o r  rew eigh ing . By d i f f e r e n c e ,  th e  a c tu a l amounts o f 
to lu en e  and a lk y l used during  a ru n  were c a lc u la te d .
lit.. The t o t a l  p re ssu re  was c a lc u la te d  by ta k in g  a mean o f a l l  d i f ­
f e r e n t i a l  o i l  manometer read in g s  from s t a r t  o f p re -ru n  p e rio d  to  end of
p o s t ru n  p e r io d , s u b tra c t in g  the  zero re a d in g  and m u ltip ly in g  by the  
f a c to r  p re v io u s ly  c a l ib ra te d  f o r  th e  o i l  manometer.
15 . The tem pera tu re  was c a lc u la te d  by ta k in g  a mean o f a l l  temp­
e ra tu re  read ings d u rin g  th e  p e rio d  o f the  ru n  o n ly .
16. The b a th s  around Tg T  ^ were removed and having seen th a t  no 
v i s ib le  co n ten ts  in  T^  cou ld  be d e te c te d , any s l ig h t  t r a c e s  were pumped 
away. The l iq u id  p ro d u c ts  in  T^ were warmed to  room tem peratu re  and
th e n  tra n s fe r re d  to  a t i g h t l y  s toppered  b o t t l e  or to  a g la ss  c o n ta in e r
which was l a t e r  f la m e -se a le d , and s to re d  f o r  a n a ly s is .
(e )  A nalysis  o f gaseous and l iq u id  p ro d u c ts .
Gas sam ples were analysed  on a P e rk in  Elmer model 15h Vapour F ra c to -  
matsr (Gas Chromatograph) equipped with a ^ inch, 6 foot long silica gel
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column. The column was m ain tained  a t  BO°c and a helium  flow  r a te  o f 20 
c c . per m inute was u sed . F ig . 7 i s  a schem atic diagram of th e  in je c t io n  
system used f o r  the  gas a n a ly s is .  Sample v e s s e l  C, was placed on th e  
app ara tu s  w ith  a sm all s te e l  b a r  r e s t in g  on the  b reak  s e a l .  I t  was 
evacuated down to  th e  s e a l  as was th e  "U" tube between tq p s  C0 & C, and 
th e  gas b u re t te  • This "U" tube was th en  i s o la te d ,  the  helium  flow to
II n
the  15u b y -p assin g  t h i s  s e c t io n  by ad justm en t o f C^. Using a magnet 
the  s t e e l  b a r was r a is e d  and dropped onto th e  b reak  s e a l .s o  th e  gases 
could e n te r  th e  Ib e p le r  Pump/licLeod Gauge. (T .P . & G. in  F ig . 7 ) .  A 
p o r tio n  of th e  gas sample was then  pumped in to  the  gas b u re t te (G .B .) 
and i t ' s  p re s su re  m easured. was opened and th e  m ercury le v e l  ra is e d  
to  t r a n s f e r  th e  sample to  th e  "II" tu b e . Cg was then  tu rn ed  to  a llow  the  
helium flow  to  e n te r  the  "U" tube ( i t  had p re v io u s ly  been in  an "o ff"  
p o s i t io n ) .  Almost s im u ltan eo u sly  (a  f r a c t io n  of a second l a t e r )  C, was
7
tu rn ed  to  connect th e  "U" Tube to  the  Column. Appearance tim es o f a l l  
peaks were no ted  and canpared to  th o se  of known compounds f o r  q u a l i ­
t a t iv e  i d e n t i f i c a t io n .  Q u a n tita tiv e  measurement o f th e  pe rcen tag es  of 
the  components in  each gas sample was done by peak h e ig h t com parisons 
to  th ose  fo r  known s ta n d a rd s . During each s e t  of a n a ly s is  C a lib ra tio n  
Curves fo r  each component were co n s tru c te d  from d a ta  ob ta ined  f o r  th ese  
pure g a se s , s to re d  in  th e  gas s to rag e  v e s s e ls  (G .S .V .) .
The l iq u id  samples were analyzed  on a P e rk in  Elmer model BOO Gas 
Chromatograph equipped w ith  a flame io n iz a t io n  detector. The column was 
an open tu b u la r  column 150 f e e t  long  and of in te rn a l  d iam eter 0 .02 in c h es . 
I t  was c o n s tru c te d  from p o ly  propylene g ly c o l coated  s ta in le s s  s t e e l  
(P erk in  Elmer "R" Column). N itrogen  was used as the c a r r i e r  gas (10 
p . s . i .  p re ssu re )  and the  column was m ain tained  a t  6 0 °c. 0 .5  W.L. samples
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o f th e  l iq u id  samples o r of s tan d a rd s  were in je c te d  in to  th e  "BOO" by 
s y rin g e , th e  time and peak h e ig h t of each component b e in g  re c o rd ed .
The s tan d a rd s  were made up e i th e r  g ra v im e tr ic a lly  or v o lu n e t r ic a l ly ,  to  
c o n ta in  app rox im ate ly  the  same p ercen tag es  of each component as was found 
in  th e  l iq u id  samples and were in je c te d  a t  fre q u e n t in te r v a ls  along w ith  
the  sam ples so  th a t  a peak h e ig h t  com parison could  be used to  determ ine 
the  com position of th e  l iq u id  sam ples.
To d e te c t  the p resence  of sm all q u a n t i t ie s  of any le ad  compounds 
formed which m ight be m issed  on the  "BOO" due to  being masked by arom atic  
compounds (such as T oluene), a n a ly s is  o f a s e r ie s  o f  l iq u id  samples was 
a lso  done on a  VARIAN Aerograph S e rie s  1200 Gas Chromatograph, using the  
same "R" column as  used on the  "800". No s ig n if ic a n t  le a d  peaks were 
seen  no t a lre a d y  d e te c te d  on th e  "800".
B. p re p a ra t io n  o f M a te r ia ls .
(a ) Toluene
Ihe to lu en e  used was p rep ared  by Eastman Organic Chemicals from 
su lfo n ic  a c id . A nalysis on th e  "800" showed no s ig n i f ic a n t  amounts o f 
any im p u rity . P r io r  to  use on the  ra c k  i t  was d r ie d  by re f lu x in g  
f o r  12 hours over f r e s h ly  made sodium rib b o n .u n d er vacuum^and th en  de­
gassed by bu lb  to  bu lb  d i s t i l a t i o n .
(b) Lead te tra m e th y l
Three a ttem p ts  to  make PbMe^ frcm  m ethyl l i t h i u n ,  le a d  c h lo rid e  and 
m ethyl io d id e  w ere t r i e d ,  accord ing  to  the  2 s tag e  method of Gilman and 
Jones (2 7 ) . No d i f f i c u l t y  was experienced  in  making the m ethyl li th iu m , 
b u t  in  each p re p a ra t io n , f i n a l  d i s t i l l a t i o n  a f t e r  the  2nd s tag e  y ie ld e d  
only a sm all q u a n ti ty  of a lk y l .  The a lk y l  produced was found by s tu d ie s
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of vapour p re ssu re  to  c o n ta in  co n sid e rab le  amounts of im p u r i t ie s .  A fte r 
re p e a te d ly  d i s t i l l i n g  o f f  l i g h te r  f r a c t io n s  and r e - t e s t i n g ,  th e  r e s u l t ­
a n t vapour p re s su re  curve agreed  w ith  th a t  g iven by Good, S c o tt e t  a l  (29) 
b u t t h i s  l e f t  a v e ry  low y ie ld  of a lk y l f o r  k in e t ic  s tu d y .
Stage I  CH I  +  2 Li-------> CH,Li -+ L i l  37
3 3
Stage I I  3CH3 L i +  PbCl2  -»• CH3 I  — *  Pb(CH5)^  + 2 LiCl + L i l  38
A second source f o r  th e  a lk y l was th en  t r i e d .  The E thy l Corpora­
t io n  were ab le  to  supply a b len d  c o n ta in in g  68% FbMe^ w ith  3 2 % Toluene.
A pure sample o f the  a lk y l  can n o t be p repared  from th i s  m ix tu re  by 
d i s t i l l a t i o n ,  because b o th  b o i l  a t  110°c. In s te a d , a f r a c t io n a l  c ry ­
s t a l l i s a t i o n  p ro cess  was employed because of th e  low er f r e e z in g  p o in t o f 
to lu en e  (-9 5 °c  compared to  - 2 7 . 5 °c f o r  PbMe^ (2 8 ) .)
The le a d  a lk y l/ to lu e n e  m ix tu re  was p laced  in  a 250 m l. erlenm eyer 
f l a s k  which was suspended in  a dewar c o n ta in in g  e th a n o l . Dry ic e  was 
slow ly added, the  m ix tu re  b e in g  sw irle d  o c c a s io n a lly  and co o lin g  con tinued  
u n t i l  approx im ate ly  h a lf  had s o l i d i f i e d .  The rem aining l iq u id  was th en  
decanted  o f f  and th e  s o l id  rem ain ing  warmed up u in til i t  m e lted . This 
p ro cess  o f  c o o lin g , aLlowing about h a l f  to  s o l id i f y  and d is c a rd in g  the  
rem aining l iq u id  was re p e a te d  fo u r  tim es fo r  th e  f i r s t  b a tc h  and th re e  
tim es fo r  th e  second b a tc h .  I t  was noted th a t  one e s s e n t ia l  was to  cool 
s low ly . Other b a tch es  p repared  by more ra p id  co o lin g  had to  be d isca rd e d  
because o f t h e i r  low p u r i ty .  S ta r t in g  q u a n t i t ie s  of m ix ture  were 100 cc 
(ap p ro x .) and th e  t o t a l  y ie ld  from the  2 b a tch es  was 2 5 g . (a p p ro x .) .
The p u r i ty  o f th e  le a d  a lk y l  was te s te d  in  two ways. F i r s t l y ,  th e
r e f r a c t iv e  index  o f th e  2 b a tch es  p rep a red  was measured and found to  be
201 .512  and 1 .511 compared to  a quoted v a lu e  of 1 .5 1 2  (2 8 ) . A ll m easure-
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m ents w ere a t  20°c . S econd ly , th e  a lk y l  rem ain ing  in  R ( F ig .  3) a f t e r  
a s e r i e s  o f l i t  ru n s  was a n a ly se d  on th e  "BOO*1. B esides th e  ex p ec ted  
a lk y l  peak th e r e  was one a d d i t io n a l  sm a ll peak , presum ed b eca u se  o f  i t 1 
appearance tim e to  b e  to lu e n e .  I t  com prised  however o n ly  1% t o t a l  im­
p u r i t y .
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CHAPTER I I I
RESULTS & DISCUSSION
A. Scope of w ork: e x p e rim e n ta l o b se rv a tio n s
The p y r o ly s is  o f le a d  te tr a m e th y l  was c a r r i e d  ou t in  a to lu e n e  
c a r r i e r  flow  system  from 671°K to  753°K u s in g  p r e s s u re s  v a ry in g  from  0 .53  
to  2 .79  cm* C o n tac t tim e s  v a r ie d  from 0.77 t o  1.67 sec  and am ounts of 
decom position  from 3 ko 76/2. R ate  c o n s ta n ts  w ere c a lc u la te d  in d e p e n d e n tly  
f ro n  th e  FbMe^ found  undecomposed in  th e  l i q u i d  p ro d u c ts  and from  the  num­
b e r s  of moles of g aseo u s p ro d u c ts  p lu s  e th y l  benzene , u s in g  th e  e q u a tio n :
L iq u id  p ro d u c ts  w ere found to  c o n ta in  o n ly  PbMe^ and e th y l  benzene 
i n  a d d i t io n  to  th e  to lu e n e ;  s i g n i f i c a n t  amounts of x y le n e s  were n o t 
o b se rv ed . L ik ew ise , s i g n i f i c a n t  am ounts of e th y le n e  d id  n o t  appea r as 
p ro d u c ts  in  th e  g a s e s ,  w hich c o n s is te d  o f m ix tu re s  of m ethane a n d  e th a n e .
As w i l l  be d is c u s s e d  l a t e r ,  t h i s  w ork was c a r r i e d  ou t in  a p re s s u re  in d e ­
p en d en t r e g io n ,  in  c o n t r a s t  to  t h a t  o f E l te n to n  ( li t)  w hich was n o t .  A 
s u b s t a n t i a l  m ir ro r  o f le a d  was n o te d  on th e  fu rn a c e  o u t l e t  tu b e ,  e s p e c ia l ly  
a t  h ig h e r te m p e ra tu re s  in d ic a t in g  t h a t  a l l  fo u r  m e ta l to  carb o n  bonds are 
b ro k en . Sm all amounts o f  c o lo u r le s s  l i q u i d  w ere a ls o  o b se rv ed  d e p o s ite d  
on th e  o u t l e t  tu b e , above th e  c a p i l l a r y  . At room te m p e ra tu re  t h i s  com­
pound c r y s t a l l i z e d .  T his was p ro b a b ly  d ib e n z y l formed as  a r e s u l t  o f
hydrogen a b s t r a c t io n  from to lu e n e  (e q u a tio n  lU ) • Complete ex p e rim e n ta l r e s u l t  
a re  g iv en  in  Ih b le  I .
k 2.3Q3
t c
lo g (see  C h .I . s e c t io n  D)
32
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TABLE I  ( c o n t 'd ) INITIAL
Run
No.
Temp.
°K
P
cm. Hg.
Tc
se c .
Time a 
m in.
% b 
Decomp.
Moles
Toluene
- MOLES 
'ALKYL 
(x  .io-U)
[ toluene]  
[ alkyl ]
$LKYL] "a" 
fiio les/cc 
(x  10-9)
L 3 d 689 1 .3« 0.80 5 20 5 10 0.167 10.9 102 3 .3 b
b  d 672 1.25 0.814. 5 20 5 b 0 .122 8.16 100 2.79
5 d 672 1.11 0 .8 2 5 20 5 3 0.111 8.65 86 2.88
&• The th re e  tim es re p re se n t th o se  f o r  th e  p r e - r u n ,  ru n , and p o s t- ru n  p e rio d s  r e s p e c t iv e ly .
b . Based on product a n a ly s is .
c . Runs done in  PACKED VESSEL.
d . Runs by R. Johnson.
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B. Methods o f c a lc u la t io n
(a ) t c v a lu es  
Let co n d itio n  1 = S .T .P ,
Let co n d itio n  2 = working c o n d itio n s  f o r  ru n
Assuming id e a l  gas behav iour a t  th e  tem peratu re  and p re ssu re  of th e  
r e a c t io n  zone.
Since R
nl Tl
P]Vl PgVg
n 2 T2
7 6 0  x 22ig6  
1  x 273.15
Pg(mm) x Vg(cc) 
(F x tc )  x  T2 (oK)
■where p = Flow r a te  th rough  fu rn ace  (m oles/sec)
t c m C ontact time (sec)
t,c
P 2  x  Vg x 273.15
F x  T 760 x 2 2 J4I 6
But F = Wt. Toluene (g ) & V, 205 cc
M.Wt. Toluene x  time ( s e c .)
t c
76 0  x  2 2 U1 6
205 x 273.15 x 92 x
0 . 3 0 2 U X  P X  t  
Wt. x T.
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Equation 1+3 was used fo r  a l l  c a lc u la t io n s  of c o n tac t tim e excep t f o r  
th o s e  where th e  packed  v e s s e l  was em ployed. Volune o f  packed v e s s e l
= 117 cc .
(b) Moles of PbMe^ decomposed (from gas +
I f  i t  i s  assumed th a t  1 mole o f PbMe^ w i l l  produce I4 moles CH^,
(see  suggested  mechanism, P. 1+8) th en :
NO. OF MOLES FbMe^ DECOMPOSED = [ c h J +  [ c ^ C g H ^  -f [CgH^J 1)1+
1+ 2
This p ro v id es  a v a lue  f o r  x  in  th e  f i r s t  o rder eq uation  so th a t  s p e c if ic  
r a t e  c o n s ta n ts  may be d e term ined . These a re  th e  kg v a lu es  in  Table I .  The 
1% values were determ ined from LIQUID a n a ly s is  where th e  amount of a lk y l  
re s id u e  g ives a v a lue  f o r  ( a  -  x) in  th e  r a t e  eq u a tio n .
(c ) k a /k r 2  v a lu es
These were c a lc u la te d  from eq u a tio n  32 as d esc rib ed  in  Chapter I  
(S ec tio n  E ).
(d) I n i t i a l  a lk y l  c o n c e n tra tio n  
This was found u sing
a _ No. Moles Alkyl x  t c m oles/cc  ^
Length o f  Run (se c ) V
where t c * c o n ta c t tim e ( s e c . ) j  V ■ Vol. o f r e a c t io n  v e sse l (cc)
C. A rrhenius p lo t
The Arrhenium p l o t ,  based on p ro d u c t a n a ly s is  i s  shown in  F ig . 8 .  The 
s o l id  l in e  i s  th e  p lo t  ob ta ined  from r e s u l t s  in  the  unpacked v e s s e l u s ing
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u<utfl
Cno
. 0
0
0
1.40 l  .45 l  . 5 0 1 . 5 5
10- ’
T
F i g . 8 A r r h e n i u s  p l o t  for t h e  d e c o m p o s i t i o n  o f  L e a d  
Tetramethyl based on product analysis.
Numbers indicate no. of runs averaged to obtain 
plotted point.
^  Packed vessel 
Unpacked vessel
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th e  l in e  of b e s t  f i t . . This l in e  may be re p re se n te d  by:
l o g ^ k  * 1U.U9 -  (1+8,600/2.303 RT)
Both a c t iv a t io n  evergy  and the  A f a c to r  appear to  be reaso n ab le  when com­
pared  to  known v a lu es  fo r  o th e r  m eta l a lk y ls .  The d o tte d  l i n e  is  the 
p lo t  from r e s u l t s  o b ta in ed  in  th e  packed v e s s e l .
D. k a A r^  P l° ^ : Stepwise v s . C onsecutive decom position
F ig . 9 shows a p lo t  of lo g  k a A r  ^ vs 10^/T  which as d iscu ssed  
e a r l i e r  ( s e c t io n  E, C hapter I) may be used in  t h i s  type of r e a c t io n  as a 
t e s t  f o r  stepw ise  decom position . As seen , th e  l in e  i s  continuous and 
s t r a ig h t  in d ic a t in g  th a t  th e  U m e ta l-ca rb o n  bonds b reak  c o n se c u tiv e ly .
That a l l  J4. bonds a re  in  f a c t  broken i s  shown by th e  d e p o s it  o f le ad  in  
th e  fu rn ace  o u t l e t  tu b e .
F u rth e r and perhaps more d i r e c t  evidence i s  provided  by th e  f a c t  th a t  
approx im ate ly  9 0 % of the  m ethyl r a d ic a ls  ex p ec ted , are found in  th e  l iq u id  
r e s id u e .  Ihe w hereabouts of th e  m issing  10% w i l l  be d iscu ssed  l a t e r .  A 
f u r th e r  experim ental p o in te r  i s  th a t  a n a ly s is  o f l iq u id  p ro d u c ts  by 
e le c tro n  cap tu re  (VARIAN 1200) showed on ly  one o th e r v e ry  m inor amount of 
a v o l a t i l e  le a d  p ro d u c t, p o s s ib ly  FbMe2  judg ing  by i t ' s  appearance tim e. 
Thus th e  f i r s t  s te p  i s  r a t e  c o n tro l l in g :
Fb(CHz ) ------------> Fb(CH ) ,  + CH_ I4 6
H  ? 3 7>
This c o n tra s ts  w ith  work done on th e  tr im e th y l of group I I I  b . The
1
k a A r2 p lo t  £ ° r  showed a b reak  o ccu rrin g  a t  670°K, when th e
th e o r e t ic a l  y ie ld  of m ethyl r a d ic a l s  was 67%. This in d ic a te s  th a t  though
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Fig.9 . Arrhenius plot for the reaction of methyl 
radicals with toluene with PbMe^ used as 
source of methyl radicals. Experimental 
points cover 3~76% decomposition of the 
alkyl. Numbers indicate no. of points 
averaged to obtain the given point.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
th e  second m eta l-carb o n  bond i s  broken ra p id ly  a f t e r  the f i r s t ,  the Jrd  
bond does n o t b reak  ap p re c ia b ly  u n t i l  th e  compound is  heated  above 
670°K (1 7 )• S im ila r  t e s t s  on Ga(Me)^ (23) showed th a t  the  f i r s t  two 
m ethyl r a d ic a ls  were re le a s e d  'in  Stepwise fa sh io n  and th a t  th e  GaMe r e ­
m aining th e n  po lym erised , r a th e r  th an  decomposing in  th e  tem peratu re  range 
s tu d ie d  (max. ■ 9^3°‘K) Zn(Me)p a lso  undergoes Stepwise decom position (3 0 ) . 
By way of c o n t r a s t ,  TL(Jfe)^ i s  s im ila r  to  Pb(Me)^ in  th a t  a t  a l l  tem pera­
tu re s  a l l  a v a ila b le  m ethyl r a d ic a ls  a re  re le a s e d  c o n se c u tiv e ly . (21;)
E. R atio  e f f e c t s .
In order to  ensure  t h a t  th e  decom position i s  1 s t  o rd e r , th e  e f f e c t  of 
vary in g  th e  i n i t i a l  a lk y l c o n c e n tra tio n  "a" upon the r a t e  c o n s ta n t a t  a 
g iven  tem p era tu re , was s tu d ie d , "a* was v a r ie d  by a l t e r in g  the  tem pera­
tu re  around the  a lk y l  b a th  over a s e r ie s  o f runs w h ils t  th e  tem perature  
around th e  to luene  b a th  was k ep t more or l e s s  c o n s ta n t. V a ria tio n s  in  "a" 
can be seen in  Table I  rang ing  from 1 .90  to  5*25 m o le s /cc . Table I I  
shows a more s p e c i f ic  example of the  r a t i o  e f f e c t .  I t  i s  ap p aran t th a t  
the  i n i t i a l  a lk y l c o n c e n tra tio n  has no ap p re c ia b le  e f f e c t  on k and one must 
conclude th a t  the  decom position i s  1 s t  o rd er w ith in  th e  l im i ts  of 
experim ental e r r o r .
o f no t l e s s  than  U5 & 1 5 0  r e s p e c t iv e ly  were e s s e n t ia l  fo r  c o n s is ta n t  r a te  
c o n sta n ts  ( 2 3 , 1 7 ).
The f a l l  o f f  in  k v a lu es  i s  due to  secondary re a c tio n s  of the r a d ic a ls  
produced to  form a l te r n a te  p ro d u c ts . As th e  to luene  c o n c e n tra tio n  is  in c re ­
ased th ese  secondary re a c t io n s  occur l e s s  and le s s  f r e q u e n tly .
In  work on Ga(Me)^ and hi(Me)^ i t  was found th a t r a t io s
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TABLE I I
AFFECT OF INITIAL ALKYL CONCEIRATION ON RATE CONSTANTS
Run No. Temp. "a" kg
°K m o le s /cc . sec- -*-
2b 711 5.25 O.l+O
26 711 JL+.31 0.39
30 711 JL+.79 0.38
31 711 1+.68 0.37
2 5 'b 711+ 2.17 0.38
28 711+ 1+.03 0.39
29 711+ 1+.25 0.39
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F . P ressu re  e f f e c ts
One q u a lify in g  c o n d itio n  of t h i s  work is  th a t  the r a t e  co n s ta n ts  
should be determ ined in  a p re ssu re  INDEPENDENT re g io n . T o ta l p re s su re , 
which i s  p r im a r i ly  to lu e n e  p re s su re , i s  r e a d i ly  changed over a s e r ie s  of 
runs by a l t e r in g  th e  tem peratu re  o f  the  b a th  a-r ound B (F ig . 2 ) .  Evidence 
of in c re a se  in  k as th e  p re ssu re  in c re a se s  has been  prov ided  in  s tu d ie s  
on Hg(Me) - 2  & Cd(Me)2 ( 3 1 )» In bo th  in s ta n ce s  k in c reased  to  a maximum 
l im it in g  v a lu e  as the  p re ssu re  in c re a se d . The same was found tru e  f o r  
Ga(Me)^, In(M e)j and Tl(Me)j though in  each case p re ssu re  dependence was 
s l ig h t  ex cep t fo r  k$ in  th e  case of In(Me)^ and k2  fo r  Ga(Me)^ ( 1 7 , 2 3 , 21 4) .  
P ressu res  in  t h i s  work v a r ie d  from 0,53 to  2 .79 cm. and as i s  seen from 
the  r e s u l t s  shown in  Tdble I I I ,  k i s  p re ssu re  independent over th i s  ra n g e .
G. Surface e f f e c t s
Runs L 30-35 were done in  a v e s s e l  packed w ith  q u a rtz  rod which de­
c re ased  the volume frcm 205 to  117 cc and in c reased  the SURFACE/VOLUME 
r a t i o  from 1 .5  cm^/cc to  2 1 .2  cm ^/cc. P r io r  to  f i t t i n g  th e  v e s s e l  in to  
the vacuum system  i t  was ac id  washed w ith  co n cen tra ted  n i t r i c  a c id . This 
ac id  wash i s  to  ren d e r th e  su rface  as  in a c t iv e  as p o s s ib le , w ater washes 
having been found to  do the  o p p o s ite . The unpacked v e s s e l  used f o r  
th e  e a r l i e r  runs had been s im ila r ly  tre a te d ., ihe r e s u l t s  from th ese  runs 
a re  p lo tte d  as a d o tte d  l in e  on the  A rrhenius Curve (F ig . 8 ) .  I t  i s  
apparen t th a t  though th e re  is  a s l ig h t  su rfa ce  e f f e c t ,  i t ' s  magnitude i s  
of the  o rd e r of 1 - 2 ?° on ly ; thus th e  decom position over th e  range 3 - 7 6 % is  
e s s e n t ia l ly  homogeneous.
I t  i s  a lso  a p p ro p ria te  to  m ention th a t  th e  a u to c a ta ly t ic  e f f e c t  n o tic ed  
by fo u r  Russian w orkers when study ing  le a d  t e t r a e th y l  (8 ,9 ,1 0 ,1 1 )  whereby
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TABLE I I I
EFFECT OF PRESSURE ON RATE CONSTANTS
Run No. Temp, P re s s .
_______  ( °c) (cm .) (s e c - 1 )
25 b J lk  0 .55 0 . 3 8
2 6  121 2 .79  0.39
2k 711 1 . 6 2  O.i+ 0
3 0  711 1.1+1 0.3«
31 711 1.1+9 0.37
1  6 9 3  1 . 5 2  0 . 1 1+
3 693 1 .3«  0.13
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le a d  produced a c c e le ra te d  th e  decom position of the  a lk y l ,  was n o t observed 
h e re .  This i s  ap p aren t when c o n s id e rin g  ru n s  L 30-55, where th e  v e s se l  
was c lea n  a t  the  s t a r t  b u t g ra d u a lly  b u i l t  up a le ad  d e p o s i t .  W.ere an 
au to  c a ta ly t ic  e f f e c t  p re s e n t a s ig n i f ic a n t  d if fe re n c e  would be expected 
between th e  r a t e  c o n s ta n ts  f o r  p a i r s  o f ru n s  done a t  the  same tem peratu re  
i e .  3 0 - 3 1 , 3 2 - 3 3 , 3 1 +-3 5 . The r a t e  co n s ta n ts  were found to  be rep ro d u c- 
a b le .
H. Suggested Mechanism
A ll th e se  experim en ta l o b se rv a tio n s  su g g est the  fo llo w in g  mechanism 
fo r  th e  m ajor p ro c e sse s .
P b C C ^  --------------> Pb(CH3 )3 + CH3 1+7
Fb(CH3) 3  > Fb(CH3 ) 2 + CH3 1+8
Fb(CH ) _ ---------------* Pb .CH + CHv 1+9
5 ^ 5 ■>
Fb.CH3  » Pb + CH3 50
CH3 +  C6H5 .CH3  > C6H5 »CH2 +- CHj  ^ 51
C6H5.CHg----- -> C6H5.C2H5 52
CHj +  CH3 ------------- } 53
2C6H5.CH2  > (C6H5.CH2 )2 5h
I t  i s  a p p ro p ria te  to  co n sid e r some minor p ro cesses  which may occur in  
co n ju n c tio n  w ith  the  observed d isc re p a n c ie s  between kg and km v a lu es  
(se e  Table I ) .  The l a t t e r  a re  c o n s is te n t ly  h ig h e r, in d ic a t in g  some lo s s
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k9
of PbMej  ^ and hence of methyl r a d ic a l s .  One p o ss ib le  e x p lan a tio n  i s  the 
fo rm atio n  of a polymer w ith in  the  fu rn a c e , a r e s u l t  observed by Jacko on 
work w ith  Gallium and Indium tr im e th y ls  (17,23)
n Fb.CHz ----------------- » (P b .C H j 55
? b n
Treatment of th e  d e p o s it  on the  re a c t io n  v e sse l w a lls  w ith  h o t ,  con­
c e n tra te d  n i t r i c  a c id  f a i l e d  to  produce amounts of methane o r ethane 
d e te c ta b le  on th e  "1 5 U". CQ  ^ was observed however in  amounts e q u iv a len t 
to  about 10% of th e  carbon c o n ten t expected  i f  the  e n t i r e  d iscrepancy  
between kg and k^ v a lu es  i s  due to  polymer fo rm atio n . This may have r e ­
s u lte d  from com plete d eg rad a tio n  of any polymer to  C02, H20 and Pb(NO^)^. 
I f  so , then  some polymer fo rm atio n  i s  in d ic a te d  b u t i t  does no t seem to  
be the  major reason  f o r  the  d if fe re n c e  betw een kg and k^ . This su g g estio n  
would only account f o r  a p a r t  o f the  a lk y l  l o s s .  Another reaso n  f o r  the 
d isc rep an cy  i s  a b so rp tio n  o f a lk y l  by g re a se . In  p ass in g  frcm th e  a lk y l 
s to ra g e  v e s s e l  R (F ig . 3) j  to  the  re a c t io n  v e s s e l ,  the  a lk y l  came in  
c o n ta c t w ith  I4. g reased  ta p s .  A fte r a lk y l had been d i s t i l l e d  back in to  
R a t  th e  end o f a ru n ,  i t  was f r e q u e n tly  no ted  th a t  a sm all p re ssu re  b u ild  
up o fte n  occurred  in  t h i s  a lk y l  in je c t io n  a re a  in  s p i te  of the  most 
c a r e fu l  p re c a u tio n s . I t  i s  presumed th a t  t h i s  b u ild  up was due to  g radual 
d e so rp tio n  of trap p ed  a lk y l from the g re a se . Only sm all lo s s e s  o f t h i s  
n a tu re  would make co n s id e rab le  d if fe re n c e s  to  th e  magnitude of k^,
I .  Bond D is so c ia tio n  Energy
As d iscu ssed  e a r l i e r  (Ch. I  s e c t io n  B) th e  a c t iv a t io n  energy f o r  a 
un im olecu lar decom position should be a good approxim ation to  the  BOND
Having determ ined t h i s  v a lu e  ex p erim en ta lly , and knowing the  MEAN bond
DISSOCIATION ENERGY. Thus D2
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energy from c a lo r im e tr ic  d e te rm in a tio n  i s  E = 3b k c a l ,  i t  i s  a p p ro p ria te  
to  sp ec u la te  f u r th e r  on th e  mechanism.
The mechanism shown on Page assumes th a t  once the  f i r s t  CH^  i s  
r e le a s e d , the  o th e r th re e  a re  re le a s e d  in  ra p id  sequence. This presumes 
th a t  kg, k j and k^ a re  a l l  much la rg e r  th an  k^. A maximum v alue  f o r  
based  on com parison w ith  v a lu e s  fo r  o th e r  a lk y ls  (InMe^ & ZnMe^) would 
be 1011 s e c . - l .  Assuming k^ = 10 k-^  and using th i s  maximum v a lu e  fo r
A^ le a d s  to  E^ -  3h k c a l  m ole- -*-. This i s  the  maximum p o s s ib le  va lue  
f o r  and when i t  i s  co n sid e red  along w ith  the  known v a lu e  fo r  Ej and 
th e  sum of th e  fo u r  m eta l-carb o n  bond s tre n g th s  ( 1 5 2  k ca l mole~^)y g ives 
(Eg +• Ej) a MINIMUM p o ss ib le  v a lu e  o f 6 9  k c a l mole C bservation  of 
o th e r  a lk y ls ,  however, t e l l s  us th a t  the  second m ethyl r a d ic a l  i s  re le a s e d  
w ith  an a c t iv a t io n  energy much le s s  th an  th a t  re q u ire d  to  r e le a s e  the  
f i r s t .  T herefore a reaso n ab le  given v a lu e  would be E^ = 23 k c a l mole \  
This would mate = 1+6 k c a l mole"""*- and hence a t  the  tem peratu res  used 
k^ 4. k j which m ates k^ the  r a t e  c o n tr o l l in g  s te p .  S ince t h i s  is  not 
observed ex p e rim en ta lly , th en  E  ^ must be  a p p re c ia b ly  lower th an  I4.6 k ca l 
mole’*'*' which in  tu rn  re q u ire s  E^ to  be a p p re c ia b ly  g re a te r  th an  3 I+ k c a l. 
However decom position of PbMe would th en  be to  some e x te n t  a r a te  con­
t r o l l i n g  p ro cess  -  a f a c t  ag a in  no t supported  by experim en tal ev idence .
I t  i s  worthy of n o te  however th a t  a sm all q u a n ti ty  of a le ad  co n ta in in g  
p ro d u c t which seems l i k e l y  to  be PbMeg has been observed (e le c tro n  
cap tu re  G .C .), and th a t  some polymer fo rm atio n  may have been in d ic a te d . 
These f a c to r s  would in d ic a te  th a t  th e  v a lu e  o f Ej^  may be high enough to  
give PbMe a f i n i t e  l i f e t im e  b u t  t h a t  i t  may d isap p ea r by the  fo llo w in g  
sequence r a th e r  than by sim ple decom position .
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2 PbMe -^ Pb +■ PbMe^ 5b
n PbMe -> (PbMe)n 57
These conclusions a re  v e ry  te n ta t iv e  and the  above d iscu ss io n  in  no 
way p rec lu d es  th e  p o s s i b i l i t y  th a t  re a c t io n  5 0  does occur to  an a p p re c i­
ab le  e x te n t .
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